More than 1 20m tons of pulp, paper, and paperboard are produced annually in the United States by an estimated 156 000 production workers.' The first American woodpulp manufacturing facilities were built in the 1870s, mostly in New England because of the abundant supply of spruce. By 1910, New Hampshire mills were producing more than 10% of the national supply of woodpulp, ranking fourth in national production.2 New Hampshire plants have primarily used two chemical pulping processes, the acid based process and the Kraft or sulphate process.
Several reports suggest that pulp and paper mill workers experience increased mortality due to cancers of the gastrointestinal tract and lymphopoietic issues. 3 In addition, standardised mortality odds ratios (SMORs) were derived by calculating the ratio of mortality odds for each cause of death category using deaths from cancer as "controls" and expected deaths based on the mortality experience of the United States general population as the "unexposed."'" The SMOR is calculated in a manner identical to the relative odds in case-control studies and provides a better estimate of the relative risk than the PMR.'3 Statistically significant differences between observed and expected deaths and confidence intervals were determined by using a summary Mantel-Haenszel chi-squared test with one degree of freedom.
Results
Among the total population of decedents were 1071 pulp, paper, and paperboard mill workers (industrial code 160) and 452 timber cutters and loggers (occupational code 496). The distributions of statis-234
A proportionate mortality ratio analysis ofpulp and paper mill workers in New Hampshire Paper making includes processes that refine, clean, press, and dry the pulp. Numerous chemical additives are combined with the fibrous pulp that affect the absorbency, strength, opacity, brightness, and printing properties of the paper.'5 Pigments and dyes may be added as colourants and various coatings may be added that affect the texture of the paper. In addition, solvent exposure may arise from the use of adhesives, gums, or varnishes. (See table 3 for some commonly used additives.)
Among the multitude of potential chemicals used in the pulp and paper industry, several are known or suspected carcinogenic substances. For example, pesticide and herbicide exposure may occur from previously treated wood or from slimicides introduced during the pulping process. Numerous studies have reported excesses of lymphoma and leukaemia among agricultural workers potentially exposed to pesticides and herbicides. ' has been associated with cancer of the nasopharynx and is suspected ofbeing linked to Hodgkin's disease. 8 Further, talc, used as a filler during paper making, may contain asbestiform fibres.'9 At least one study has shown an association between exposure to talc and the risk of stomach cancer. 20 Since both pulp and paper workers and timber cutters and loggers were likely to be exposed to wood dust and herbicides, the observed excess of cancer may be associated with other agents used or formed during the pulping or paper making processes. For example, it has been suggested that the introduction of chlorine during the pulping process may result in the formation of mutagenic or carcinogenic chemicals. Consistent with this hypothesis, Salmonella The findings of this study are consistent with those of other studies and suggest that one or more of the exposures experienced by these workers may be carcinogenic. More definitive epidemiological studies are required to identify particular high risk processes or specific aetiological agents. In the interim additional engineering controls may be required to limit unnecessary workplace exposures. Further, workers with significant past exposure in this industry may benefit from medical surveillance designed to detect early stage colorectal cancer. The feasibility and effectiveness of such screening activities has yet to be evaluated for workers in this industry. 
